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On: Sat, 29 Dec 2018 11:22:52 columnare, F. branchiophilum, F. hydatis, F. johnsoniae, F. psychrophilum and F. succinicans (Bernardet et al., 1996; Crump et al., 2001; Darwish et al., 2004; Figueiredo et al., 2005; Bernardet & Bowman, 2006; Flemming et al., 2007) . Furthermore, three novel species isolated from diseased fish have been described recently, Flavobacterium chilense, Flavobacterium araucananum and Flavobacterium oncorhynchi (Kämpfer et al., 2012; Zamora et al., 2012) . In this article, we report the phenotypic, genotypic and phylogenetic characterization of four novel Flavobacterium-like strains isolated from diseased trout. Based on the presented findings, two novel species of the genus Flavobacterium, Flavobacterium tructae sp. nov. and Flavobacterium piscis sp. nov., are proposed.
During the routine microbiological diagnosis from different clinical specimens of rainbow trout (Oncorhynchus mykiss) submitted to the Animal Health Surveillance Centre (VISAVET) of the Universidad Complutense (Madrid, Spain), four novel Gram-staining-negative, rodshaped bacteria were recovered from the liver (strain 435-08 T ), kidney (strain 412R-09 T ) and gills (strains 47B-3-09 and 60B-3-09) of four different trout with presumptive diagnoses of septicaemia. The fish and strains were recovered from three different ponds T from one pond, 412R-09 T from another pond and 47B-3-09 and 60B-3-09 from a third pond) in the same fish farm, in two different years (2008 and 2009) . The strains were isolated on tryptone glucose extract agar (TGE; Difco) after incubation at 25 u C for 72 h under aerobic conditions. In order to establish the phylogenetic allocation of the bacteria, the sequence of a large continuous fragment (approx. 1400 bp) of the 16S rRNA gene of the four strains was obtained in both directions, using the universal amplification primers pA (59-AGAGTTTGATCCTGGC-TCAG, positions 8-27, Escherichia coli numbering) and pH* (59-AAGGAGGTGATCCAGCCGCA, positions 1541-1522, E. coli numbering) as described previously (Zamora et al., 2012) , and subjected to comparative analyses. The strains formed two separate phylogenetic groups represented by strains T and 47B-3-09 (group A), and strains 412R-09
T and 60B-3-09 (group B). Strains displayed greater than 99.8-99.9 % 16S rRNA gene sequence similarity within their respective groups, suggesting a close genealogical identity. The identification of the phylogenetic neighbours and calculation of pair-wise 16S rRNA gene sequence similarities were achieved using the EzTaxon server (Kim et al., 2012;  http://eztaxon-e.ezbiocloud.net/). The 16S rRNA gene sequences of the type strains of all species with validly published names of the genus Flavobacterium were retrieved from GenBank and aligned with the newly determined sequences using the program SeqTools (Rasmussen, 2002 Phylogenetic trees were reconstructed, according to three different algorithms: neighbour-joining (Saitou & Nei, 1987) , using the programs SeqTools and TreeView (Page, 1996; Rasmussen, 2002) ; maximum-likelihood, using the PHYML software (Guindon & Gascuel, 2003) ; and maximum-parsimony, using the software package MEGA version 4 (Kumar et al., 2004) . Genetic distances for the neighbour-joining and maximum-likelihood algorithms were calculated by the Kimura two-parameter model (Kimura, 1980) and close-neighbour-interchange (search level52, random additions5100) was applied in the maximum-parsimony analysis. The stability of the groupings was estimated by bootstrap analysis (1000 replications). The reconstructed phylogenetic tree, based on the neighbour-joining algorithm ( Fig. 1) , as well as two other methods (not shown), revealed a clear affiliation of both groups of trout strains to the genus Flavobacterium. It is evident from the phylogenetic tree ( Fig. 1) , that the strains formed two distinct sublineages, clustering with a subgroup of three species that included F. aquidurense, F. araucananum and F. frigidimaris. However, the position of the two strains within this subgroup was not supported by significant bootstrap value. The GenBank accession numbers for the 16S rRNA gene sequences of trout strains sequenced in this study are shown in Fig. 1 .
Among species of the genus Flavobacterium, 16S rRNA gene sequence similarities lower than 98.0 % always correlate with levels of genomic DNA-DNA relatedness lower than 70 % (Lim et al., 2011; Xu et al., 2011; Yoon et al., 2011; Chen et al., 2013; Kämpfer et al., 2012) T were included in this study. DNA was extracted and purified by the method of Marmur (1961) . Hybridization studies were carried out using the membrane method of Johnson (1994) described in detail by Arahal et al. (2001) . The hybridization experiments were carried out under optimal conditions, at a temperature of 44 u C, which is within the limits of validity for the membrane method (De Ley & Tijtgat, 1970) . The percentages of hybridization were calculated as described by Johnson (1994 (Table 1) . These data clearly confirmed that strains of groups A and B belong to two distinct genomic species (Wayne et al., 1987; Rosselló -Mora, 2006 ).
The G+C contents of the genomic DNA of two representative strains T and 412R-09 T ) were determined from the mid-point value (T m ) of the thermal denaturation profile (Marmur & Doty, 1962) , obtained with a Perkin-Elmer UV-Vis Lambda 20 spectrophotometer at 260 nm. The DNA G+C contents of strains T and 412R-09 T were 36.2 and 34.3 mol%, respectively, values consistent with those of members of the genus Flavobacterium (Bernardet et al., 1996; Bernardet & Bowman, 2006) . (Fig. S1b) . The cell fatty acid-fatty acid methyl ester (CFA-FAME) analyses was done with cultures on Columbia II agar base (4397596; BBL) with 5 % horse blood, at 30 u C for 30-48 h, under aerobic conditions. The CFA-FAME profile was determined using GC (HP 5890; Hewlett Packard) and a standardized protocol similar to that of the MIDI Sherlock MIS system (Sasser, 2001) , described previously (Zamora et al., 2012) . CFAs were identified and the relative amounts were expressed as percentages of the total fatty acids of the strains. The predominant CFAs of strain 435-08 T were iso-C 15 : 0 (31 %), C 16 : 1 v7c (17 %) and C 15 : 0 (12 %) while those of strain 412R-09 T were iso-C 15 : 0 (20 %) and C 16 : 1 v7c (17 %). Other CFAs were observed in percentages between 7 and 1 % ( Table 2) . These results corroborate the adscription of the trout strains to the genus Flavobacterium.
The minimal standards for the description of new taxa in the family Flavobacteriaceae were followed for the phenotypic characterization of the strains (Bernardet et al., 2002) . Gram-staining was performed as described by Smibert & Krieg (1994) . Oxidase activity was determined by monitoring the oxidation of tetramethyl-p-phenylenediamine on filter paper and catalase activity was determined using 3 % H 2 O 2 solution (Smibert & Krieg, 1994) . Hydrolysis of Ltyrosine (0.5 %, w/v), lecithin (5 %, w/v) (Smibert & Krieg, 1994) , aesculin (0.01 % aesculin and 0.05 % ferric citrate, w/v), gelatin (4 %, w/v), starch (0.2 %, w/v) and casein (50 % skimmed milk, v/v; Difco) were tested using nutrient agar (Smibert & Krieg, 1994; Tindall et al., 2008) . DNase test agar (Difco) was used for the DNase assay. Hydrolysis of urea (1 %, w/v) was tested as described by Bowman et al. (1996) . Growth in brain heart infusion broth was assessed at 15, 25, 30, 37 and 42 u C, with 3.0, 4.5 and 6.5 % added NaCl, and under anaerobic (with 4-10 % CO 2 ) and microaerobic (with 5-15 % O 2 and 5-12 % CO 2 ) conditions, using GasPak Plus and CampyPak Plus sytems (BBL), respectively. Growth was tested on MacConkey (bioMérieux), nutrient (Difco) and trypticase-soy (bioMérieux) agar plates. The presence of gliding motility was determined using the hanging drop technique, and the production of flexirubintype pigments and extracellular glycans was assessed using the KOH and Congo red tests, respectively (Bernardet et al., 2002) . The strains were further biochemically characterized using the API 20NE and API ZYM systems (bioMérieux) according to the manufacturer's instructions, except that the incubation temperature was 25 u C. F. aquidurense WB-1.1.56 T , F. araucananum LM-19-Fp T and F. frigidimaris KUC-1 T were included in this study as references for the investigation of the phenotypic properties of the trout strains, using the same laboratory conditions. Strains of the phylogenetic group A (435-08 T and 47B-3-09) showed identical physiological and biochemical characteristics. Also, *Summed features represent a set of more than one CFA that could not be distinguished. Summed feature 1 comprised C 14 : 0 3-OH/iso-C 16 : 1 I and summed feature 2 comprised iso-C 17 : 1 I/DMA C 16 : 0 .
strains of the phylogenetic group B (412R-09 T and 60B-3-09) exhibited the same physiological and biochemical features. Strains of groups A and B exhibited different physiological and biochemical characteristics. A detailed description of the morphological, physiological and biochemical characteristics of each group is given the species description. The phenotypic characteristics that differentiated strains of groups A and B from phylogenetically related phylogenetic species are shown in Table 3 . Strains of group A can be readily differentiated from F. aquidurense by their ability to reduce nitrate to nitrite. Additionally, F. aquidurense hydrolyses urea but not gelatin and uses arabinose as sole carbon source but not citrate, while the new strains give opposite results for these tests. Strains of group B can be differentiated from their close phylogenetic neighbour, F. frigidimaris, because this species grows in marine agar but not at 30 u C. Moreover, the novel species reduced nitrate to nitrite, did not produce cystine arylamidase or b-glucosidase, and was able to hydrolyse gelatin. Moreover, the two novel species can be differentiated from the clinically relevant fish pathogens F. columnare, F. psychrophilum and F. branchiophilum by the inability of these three species to grow in trypticase-soy and to hydrolyse aesculin (Bernardet & Bowman, 2006) . Other species isolated from diseased fish such as F. hydatis, F. johnsoniae and F. succinicans are motile (gliding), degrade DNA and produce acid from carbohydrates (Bernardet & Bowman, 2006) , while both novel species give opposite results for these tests. Moreover, the two novel species can readily be differentiated from F. chilense and F. araucananum, because the latter species are motile (gliding), grow with 3 % NaCl and assimilate mannitol (Kämpfer et al., 2012) , and from F. oncorhynchi, which does not hydrolyse gelatin and produces b-galactosidase while both novel species give opposite results for these tests (Zamora et al., 2012) .
The four strains from diseased trout were characterized by pulsed-field gel electrophoresis (PFGE) profiling of their genomic DNA, after digestion with the restriction enzyme XhoI, according to previous specifications (Chen et al., 2008) . Similarities between restriction endonuclease digestion profiles were based on visual comparisons of the band patterns of strains run in the same gel. Strains differing in at least one band were considered different. Strains of group A (435-08
T and 47B-3-09) displayed different PFGE restriction profiles (Fig. S2) . Strains of group B (412R-09 T and 60B-3-09) also exhibited two different PFGE profiles. The virulence of the new strains has not been determined yet by challenge experiments.
Overall, the results of the present polyphasic study demonstrate that the characteristics of the new strains from diseased rainbow trout match those described for the genus Flavobacterium and these strains should be assigned to this genus. The phylogenetic, genotypic and phenotypic differences clearly demonstrate that strains of groups A and B merit classification as two novel species, for which the names Flavobacterium tructae sp. nov. and Flavobacterium piscis sp. nov. are proposed.
Description of Flavobacterium tructae sp. nov.
Flavobacterium tructae (truc9tae L. gen. n. tructae of a trout, from which the type strain was isolated).
Cells are Gram-staining-negative rods, 0.3 mm wide by 3 mm long, non-endospore-forming and non-gliding. Strains grow well under aerobic conditions and grow weakly under micro-aerobic conditions. Strains grow at 15-30 u C with optimal growth at approximately 25 u C, while no growth occurs at 37 u C or at 42 u C. Growth occurs on trypticase-soy and nutrient agars but not on marine agar after incubation at 25 uC for 72 h. Growth does not occur in brain heart infusion broth containing 3, 4.5 or 6.5 % NaCl. Colonies are circular, yellow-pigmented, smooth and entire on TGE agar after 72 h of incubation at 25 u C. Colonies are non-haemolytic on Columbia agar after 72 h of incubation at 25 u C. Diffusible flexirubin-type pigments are produced. Congo red is not absorbed by colonies. Catalase and oxidase are produced. Nitrate and nitrite are reduced. Starch, tyrosine, gelatin and casein are degraded but DNA and agarose are not. A brown pigment is not produced on tyrosine agar. Aesculin is hydrolysed Growth on Marine agar
Valine arylamidase
a-Glucosidase
Flavobacterium tructae sp. nov. and Flavobacterium piscis sp. nov.
but not urea, lecithin or arginine. Indole and H 2 S are not produced. Acid is not produced from D-glucose. Glucose, mannose, N-acetylglucosamine, maltose and citrate are used as sole carbon and energy sources but not arabinose, mannitol, gluconate, caprate, adipate or malate. Activities of alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phophohydrolase are detected. Esterase C4, b-galactosidase, esterase lipase C8, lipase C14, a-glucosidase, cystine arylamidase, achymotrypsin, trypsin, a-galactosidase, b-glucuronidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are not detected. Cells contain menaquinone-6 (MK-6) as the major respiratory quinone. The major cellular fatty acids are iso-C 15 : 0 , C 16 : 1 v7c and C 15 : 0 .
The type strain, 435-08 T (5CECT 7791 T 5CCUG 60100 T ), was isolated from the liver of a rainbow trout. The DNA G+C content of this strain is 36.2 mol%.
Description of Flavobacterium piscis sp. nov.
Flavobacterium piscis (pis9cis. L. gen. masc. n. piscis of a fish).
Cells are Gram-staining-negative rods, 0.1 mm wide by 1.7 mm long, non-endospore-forming and non-gliding. Strains grow well under aerobic conditions and grow weakly under micro-aerobic conditions. Strains grow at 15-30 u C with optimal growth at approximately 25 u C, while no growth occurs at 37 u C or at 42 u C. Growth occurs on trypticase-soy and nutrient agars but not on marine agar after incubation at 25 u C for 72 h. Growth does not occur in brain heart infusion broth containing 3, 4.5 and 6.5 % NaCl. Colonies are circular, yellowpigmented, smooth and entire on TGE agar after 72 h of incubation at 25 u C. Colonies are non-haemolytic on Columbia agar after 72 h of incubation at 25 u C. Diffusible flexirubin-type pigments are produced. Congo red is not absorbed by colonies. Catalase and oxidase are produced. Nitrate and nitrite are reduced. Starch, gelatin and casein are degraded but tyrosine, DNA and agarose are not. Aesculin is hydrolysed but not lecithin, urea, arginine or DNA. Indole and H 2 S are not produced. Acid is not produced from D-glucose. Glucose, arabinose, mannose, N-acetylglucosamine and maltose are used as sole carbon and energy sources but not mannitol, gluconate, caprate, adipate, citrate or malate. Activities for alkaline phosphatase, leucine arylamidase, naphthol-AS-BI-phophohydrolase, acid phosphatase, a-galactosidase, a-glucosidase and N-acetyl-b-glucosaminidase are detected. Esterase C4, esterase lipase C8, b-galactosidase valine arylamidase, lipase C14, cystine arylamidase, a-chymotrypsin, trypsin, bglucuronidase, b-glucosidase, a-mannosidase and a-fucosidase are not detected. Cells contain menaquinone-6 (MK-6) as the major respiratory quinone. The major cellular fatty acids are iso-C 15 : 0 and C 16 : 1 v7c.
The type strain, 412R-09 T (5CECT 7911 T 5CCUG 60099 T ), was isolated from the kidney of a rainbow trout. The DNA G+C content of this strain is 34.3 mol%.
